The new iterative method has been used to obtain the approximate solutions of time fractional damped Burger and time fractional Sharma-Tasso-Olver equations. Results obtained by the proposed method for different fractional-order derivatives are compared with those obtained by the fractional reduced differential transform method (FRDTM). The 2nd-order approximate solutions by the new iterative method are in good agreement with the exact solution as compared to the 5th-order solution by the FRDTM.
Introduction
Most of the problems arising in the physical and biological area of science are nonlinear in nature, and it is not always possible to find the exact solution of such problems. These problems become more complicated when they involve fractional derivatives and are modelled through mathematical tools from fractional calculus. Fractional partial differential equations (FPDEs) are tremendous instrument and are widely used to describe many significant phenomena and dynamic processes such as engineering, rheology, acoustic, electrical networks, and viscoelasticity [1] [2] [3] [4] [5] [6] . Generally, partial differential equations (PDEs) are hard to tackle, and their fractional-order types are more complicated [7, 8] . Therefore, several analytical and approximate methods can be used for finding their approximate solutions such as Adomian decomposition [9] , homotopy analysis [10] , tau method [11] , residual power series method [12] , and optimal homotopy asymptotic method [13] . Though the study of FPDEs has been obstructed due to the absence of proficient and accurate techniques, the derivation of approximate solution of FPDEs remains a hotspot and demands to attempt some dexterous and solid plans which are of interest. Daftardar-Gejji and Jafari proposed an iterative method called the new iterative method (NIM) for finding the approximate solution of differential equations [14] . NIM does not require the need for calculation of tedious Adomian polynomials in nonlinear terms like ADM, the need for determination of a Lagrange multiplier in its algorithm like VIM, and the need for discretization like numerical methods. The proposed method handles linear and nonlinear equations in an easy and straightforward way. Recently, the method has been extended for differential equations of the fractional order [15] [16] [17] .
In the present study, we have implemented NIM for finding the approximate solution of the following fractionalorder damped Burger equation.
where α is the parameter describing the order of fractional derivatives, u x, t is the function of x and t, and a, λ are constants. The fractional derivatives are described in the Caputo sense. NIM converges rapidly to the exact solution compared to FRDTM, and only at the 2nd iteration does the proposed method yield very encouraging results. The accuracy of the proposed method can further be increased by taking higher-order approximations.
Definitions
In this section, we have stated some definitions which are relevant to our work.
Definition 2. The R-L fractional integral operator of order α ≥ 0 of a function g ∈ C η , η ≥ −1, is as follows:
Because of certain disadvantages of R-L fractional derivative operator, Caputo proposed modified fractional differential operator c D α as follow.
Definition 3. Caputo fractional derivative of g y takes the following form.
where
The properties of the operator J a α are shown as follows:
New Iterative Method
The basic mathematical theory of NIM is described as follows.
Let us consider the following nonlinear equation:
where f y , y = y 1 , y, y 3 , … , y n , is the known function and ξ and N are the linear and nonlinear functions of v y , respectively. According to the basic idea of NIM, the solution of the above equation has the series form.
The linear operator ξ can be decomposed as
The decomposition of the nonlinear operator ℵ is as follows:
Hence, the general equation of (6) takes the following form:
From this, we have
The k-term series solution of the general equation (6) takes the following form:
2 Complexity
Applications Example 1 (damped Burger equation).
Consider the damped Burger equation
together with IC
where λ is a constant. The exact solution of (13) is of the following form:
Using the operator J α on both sides of (13) using the initial condition and Definition 4 yields
According to (11), we have
The three-term approximate solution of the above equation is
Example 2 (Sharma-Tasso-Olver equation). One can consider
where a is a constant. The exact solution of (19) for α = 1 is of the following form:
Using the operator J α on both sides of (19) using the initial condition and Definition 4 yields
where ξ u = J α −aD 
The three-term approximate solution of the above equation is as follows:
Results and Discussion
We have implemented NIM for finding the approximate solutions of the fractional damped Burger equation and fractional Sharma-Tasso-Olver equation. Tables 1 and 2 show the numerical results of the 2nd-order NIM which are compared with those of the 5th-order fractional reduced differential transform method (FRDTM) solution [18] for the fractional-order damped Burger equation. Tables 3 and  4 show the comparison of the proposed scheme with the FRDTM for the fractional-order Sharma-Tasso-Olver equation. Figure 1 shows the comparison of 2D plot of the approximate and exact solution by NIM for the classical damped Burger equation. Figure 2 shows the comparison of the approximate solution for different values of α with the exact solution at t = 0 01. In Figures 3 and 4 , 3D plots of approximate and exact solutions by NIM for the damped Burger equation are given. In Figure 5 , the 2D plots of the approximate and exact solution for the classical SharmaTasso-Olver equation are given. Figure 6 shows the comparison of the approximate solution for different values of α with the exact solution at t = 0 1. The 3D plots of approximate and exact solutions for the Sharma-Tasso-Olver equation are given in Figures 7 and 8 . Throughout computations, we take λ = 1 and a = 4.
By forming the numerical values and graphs, it is clear that NIM is a very powerful tool for the solution of fractional partial differential equations. The accuracy of the NIM can further be increased by taking higher-order approximations. 
Conclusion
We have successfully applied NIM to time fractional (DB) and (STO) equations. Results reveal that NIM converges to the desired solution in lesser iteration compared to FRDTM. We can conclude that NIM computationally handles many physical and engineering problems in a simple and straightforward way. The accuracy of this method is also better than that of many methods which are computationally difficult to use. 
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